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Chapter-1 
INTRODUCTION 
GENERAL STATEMENT 
Ihe average content of phosphorous in the earth's crust was 
estimated to be 0.23%. McKelvey (1967) indicated, from various sources 
the percentage of P2O5 in different sedimentary rocks. Sedimentar>' 
deposits arc llic most iin|)orlanl both in number and in vokimc. In situ 
concentrations of P2().s often exceed 20% or even 30 %. 
The natural phosphates include over 200 mineralogical series. 
The only ones that are abundant in sedimentary environment are the 
calcium phosphates, among these apatites and apatite varieties are the most 
common minerals. A comprehensive list of sedimentary rock phosphates 
including structural and chemical details has been prepared by McConnell 
(1952). 
fhc four prominent pure end member phosphate species of the 
apatite group are presented. Isomorphous series exist between individual 
apatites. According to Alt.schuler (1953) and McConell ((1952 a. 1952 b, 
1958) carbonate apatite must be considered as a distinct variety of apatite 
rather than mixture of CaCO? (Calcium Aragonite) and flour apatite. C()3 
is truly presented in the structure and does not occur as a coexisting 
carbonate or in the adsorbed state. 
Among the authigenic calcium phosphate in sediments, the 
carbonate apaptites. dahlite (Hydoxyl-) and francolite (Flourine-) are 
quantitatively the most important ones. Sediments in which the carbonate 
phosphates are the major chemical constituents are generally called 
phosphorites. 1 he various phosphate minerals of the phosphorite strata are 
generally of a cryptocrystalline in nature, thoroughly mixed and virtually 
isotropic in nature. The word "CoUophane" is frequently employed as a 
collective term for such a complex mixture of phosphate minerals. This is 
analogous to the adoption of the name "Limonite" for the cryptocrystalline 
mineral assemblage of dilTerenl iron oxides and hydroxides. 
LOCATION OF THE AREA AND APPROACH 
The area under investigation is situated in the Anantnag District 
of J&K about 102 km's from the Srinagar and lies in the intervening 
syncline trough between the SH pitching Basmai anticline in the North and 
NW pitching Aishmuqam of Lidder anticline in the south. The area is 
bounded by latitude N 34 02' 30" to 34 12' 30" and the longitude E 75" 
10' to 75" 20'. The area lies in the northwest of the Pahalgam town along 
the bank of west Lidder River from 1950m to 5410m (N.H.Ilashmi). On 
account ol" dclence restrictions the topographic maps of the area were not 
available. Ihcrclbre the sampling was carried out on the base map (I'igurc-
I) which is an enlargement ol" the map published by De lerra and 
Patterson (1939) and later this base map was used by N.lLHashmi (1971). 
fhe phosphate occurs in the form of pellets in the upper band of 
the upper limestone of Permian age. The outcrop is well exposed along the 
road to Aru from Pahalgam near the small bridge on the nalla cutting. 
STRUCTURE AND PHYSIOGRAPHY 
111 Aru valley the Permo-Carboniferous volcanics and 
sedimentary rocks and Pleistocene sediments are exposed. The trap is very 
extensive and shows marked effects on the structure and physiography of 
the area. 1 he Aru valley as staled earlier is a part of an extensive syncline 
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l'igurc-1: CJcological map of the Am Valley (NW-Pahalgam) Anantnag 
J&K. 
flanked by Aishmuqam anticline (Lydekkar 1883 and Middlemiss, 1910) 
and Basmai anticline (Middlemiss & Bion, 1928).The axis of this syncline 
runs roughly in east -west direction .The Am valley lies along the southern 
limb of the syncline near the axis. The limb is faulted, and along the fault 
the west Lidder River is flowing. On the northern limb of this syncline. 
although no fault was seen but its presence is suspected because along this 
limb, which is the southern limb of the Basmai anticline some Permian 
beds are missing although they were recorded by Middlemiss and Bion 
(1928) on the northern limb of the anticline. 
The mountain ranges in the area include Himalayas trending 
North West-South East isolating Indus basin from that of Jehlum 
(represented by Sind and Lidder rivers) and Chandarbagha or Chenab 
basin (represented by Batkol-Marwah rivers). Saraibal, a southwesterly 
spur of great Himalaya isolates Jehlum fi-om Chenab basin. Another spur 
called Sachhkach (Sasakat) of the Himalaya, bifurcating near Mushran. 
forms water parting between Sind and Lidder rivers. The Sachkach also 
follows a southwesterly trend and a Drun Nar or Hangsatu immediately 
below Sonamarg is traversed by the Sind River forming a narrow gorge 
beyond which it is knovm as Sogput or North Kashmir range isolating 
Kishanganga from the Kashmir valley. The triangular mass of mountains is 
bounded on the North by Sind Valley, on the east and south by Lidder 
valley and on the west by main valley of Kashmir with peaks of Kolahai or 
Gashbrar, Mahadev and Suresnahi. The latter over looking Dal with lakes 
of Tarsar, Marsar and Hodgar has no modem name (M.M.Munshi Vitasta 
annual Volume-xxxv: 2001-2002). 
FOSSIL RECORD 
On the basis of the paleontological evidence the upper shale of 
the Upper Carboniferous of the Lidder valley, N-W of Pahalgam may be 
correlated with Fenestella shale of Middle carboniferous age. The 
assumption is based on the lithology and the presence of Protoretepora 
ampla, Polypora and Tetrapora in limestone. The upper age limit of this 
series can be fixed as Permian, since these two Bryozoans are recorded 
from rocks older than Permian. The Coelentrata Tetropora is also confined 
only to Permian (Hill and Stumm; 1956). 
PREVIOUS WORK 
The significant feature of the geology of the Lidder valley is the 
exposure of the complete sequence of Paleozoic rocks within a small area, 
which prompted many workers for a detailed investigation of this part of 
the Kashmir Valley. 
Lydekkar (1883), Middle miss (1909, 1910), Hayden (1910), Bion 
(1928), Dienner (1928), Reed (1932), Wadia (1940), DeTerre & Paterrson 
(1939), N.H.Hashmi (1971) and M.LBhat (1978) are among the pioneer 
geologists who mapped the area and discussed the lithology, paleontology 
and structural features of the various formations. 
Lyddekar (1883) is considered to be one of the earliest workers 
who described the general geology of Kashmir Chamb territories and the 
British district of Khagan. 
Middlemiss in 1909 studied the Gondwana and related 
sedimentary systems of Kashmir. He described the Gondwana related 
sedimentary systems of the Kashmir valley. 
Bion in 1928 studied in detail the agglomeratic slate series giving 
important informations about the fauna of the agglomeratic slate series of 
Kashmir. His work was considered by Middlemiss as an important 
contribution to the subject. 
Dienner in 1928 studied the carbon performation in Himalayas 
that is also considered to be an important landmark in the carbon 
performation in Himalayas. 
Reed in 1932 studied the agglomeratic slate of Kashmir. His 
work is quite informative about the new fossils from the agglomeratic slate 
of Kashmir. 
Wadia (1940) worked on different problems in Himalayan 
geology, which is considered to be very much significant. He mapped 
different areas and prepared many geological maps and simplified various 
problems related to Himalayan geology. His work on Himalayan geology 
paved the way for many future researchers. His contribution about the 
paleogeography and climate of Kashmir during the Permo carboniferous 
led to understand different climatic conditions of the past. 
De Terra in 1939 worked on the geological studies in the North-
western Himalayas and Indus Valley. 
N.H.Hashmi in 1971 studied the geology of Am valley. He 
found that in the Am valley the Permo-carboniferous volcanics and 
sedimentary rocks and pliestocene sediments are exposed. He found that, 
the trap is very extensive and shows marked effects on the structure and 
phsiography of the area. The dykes have cut across the Permians and this 
indicates that the trap is younger than the Permians and some of them 
could be the feeders of the flows. He further found that Permo-
Carboniferous sediments of the Am Valley are generally unfossiliferous 
and consist of Black shale, Limestone, Chocolate Shale and Sandstone and 
the pleistocene sediments (morainal) and outwash deposits. He also studied 
the structure of the area to some extent and found that the Panjal trap and 
pleistocene sediments in the lower part of the valley mostly cover 
structural features while in the upper part some folds and faults are 
exposed. 
M. I. Bhat in 1978 studied the petrology and Geo-chemistry of the 
Panjal traps. The research area is also located in the Himalayas. He studied 
the petrology and geochemistry of the area. 
AIM AND SCOPE 
The aim of the present work is to make the comprehensive 
studies of the phosphate bearing sediments in Am (Lidder Valley) around 
Pahalgam, which incorporates the following objectives: 
1. Geo-Chemical Characteristics of phosphatic and associated sediments in 
assigned area and their impact on phosphatic mineralization. 
2. Mineralogy of phosphatic sediments and their genetic significance. 
3. Texture and stmcture of phosphatic sediments and their role in 
understanding the physico-chemical environment, which led to the 
concentration in these sediments. 
The concentration of the phosphate, Geo-Chemical, Mineralogical, 
textural and stmctural studies carried out in the present investigation, may 
help in the interpretation of the depositional environment. 
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Chapter-2 
METHODS AND TECHNIQUES 
The following methods and techniques were adapted in the 
present study: 
SAMPLING PROCEDURES 
With the help of the geological maps of the area prepared by 
earlier workers, sampling was carried out. Around 40 fresh representative 
samples were collected from outcrops of each formation. Regular interval 
was not possible due to some unavoidable circumstances. The sampling 
was done from major lithological units as upper phosphatised limestones, 
lower limestones and shale etc. 
LABORATORY INVESTIGATIONS 
L Microscopic Study: 
Thin sections of the representative samples of different lithological 
units were prepared in laboratory to study the mineralogical and 
petrographic characters of phosphatic and associated sediments of the area. 
2. Analytical Studies: 
Around 18 samples were selected for chemical analysis. The 
samples were analyzed chemically to determine major constituents in the 
phosphatic and associated sediments according to the procedure followed 
by Shapiro and Brannock (1962). The procedure is described briefly as 
follows: 
(a) Powdering of the Samples: 
The rock samples were crushed and finally powdered in centrifugal 
ball mill. The powder was sieved by standard sieve of-200 mesh. 
The powder of each sample was packed in polythene packs 
followed by the numbering of the samples. 
PREPARATION AND USE OF SOLUTION 'A' AND 'B' 
Solution 'A' and 'B' were prepared for the determination of 
various major oxides. Solution 'A' was used for Si02 and AI2O3. 0.1 gm of 
the sample powder and standard were decomposed by fusion with NaOH 
for five minutes in nickel crucible. Some water was added afler the melt 
cooled down and allowed to stand overnight till the melt disintegrated 
completely. Contents of each crucible were transferred to one litre 
volumetric flask and solutions were acidified with 20 ml 1:1 HCl and made 
upto the volume. 
CO2 was determined volumetrically. In a series of 250ml beaker, 
0.5gm of Calcium carbonate as standard and 0.5gm of powdered sample 
were placed.25ml of hydrochloric acid (0.5N) was added to each beaker 
and allowed to remain overnight. The remaining acid in beaker was titrated 
with sodium hydroxide (0.35N) and bromophenol blue was used as an 
indicator, which gave yellow to blue end point. The calculation for CO2 is 
present was made as stated below. 
1. Calculate the acid alkali ratio, 25/volume of NaOH for blank. 
2. Multiply each of the NaOH titration values by the acid alkali ratio. 
3. Subtract each figure obtained in step 2 from 25ml HCl.This gives the 
HCl in milliliters consumed by the carbonates. 
4. A factor was obtained on the basis of titration of the standard CaCOs 
(this standard contains 44% CO2) .44/HCl consumed by standard 
factor. 
5. Multiply each sample value for HCl consumed as obtained in Step 3 
by the factor to obtain CO2 is present. 
6. Where P2O5 is greater than few tenth of a percent corrections were 
made by multiplying its value by 0.67 and subtracting this from the 
value obtained in 5"' step. 
DETERMINATION OF SAMPLES BY ATOMIC ABSORPTION 
SPECTROPHOTOMETER (AAS) 
Field of Application: 
The method can normally be used for the determination of sodium, 
magnesium, potassium and calcium in precipitation within the range 0.01-
2mg/l, but this will depend to certain degree on the commercial 
instruments used. 
Principle: 
The ions in the sample solution are transformed to neutral atoms in 
an air/acetylene flame. Light from a hollow cathode or an electrodeless 
discharge lamp (EDL) is passed through the flame, which is proportional 
to the ion concentration in the sample, is measured by a detector following 
a monochromator performed in the AAS-mode. In the AES mode, the light 
emitted from the atoms exited in the flame is measured. Most commercial 
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instruments can be run in both modes. Sodium may be measured more 
favorably in the emission mode. 
Interferences: 
In atomic absorption spectroscopy both ionization and chemical 
interferences may occur. These interferences are caused by other ions in 
the sample, and result in reduction of the number of neutral atoms in the 
flame. The ionization interference is avoided by adding a relative high 
amount of an easily ionized element to the samples and calibration 
solutions. For the determination of sodium and potassium, caesium is 
added. For the elimination of chemical interferences from e.g. aluminium 
and phosphate, lanthanum can be added to the samples and calibration 
solutions. 
Instrumentation: 
Atomic absorption spectrophotometer with a digital readout, 
suitable recorder or a PC. The wavelength range must be 200-800nm. 
Preferably the spectrophotometer should also have the possibility to run in 
the emission mode. 
EDL or hollow cathode lamps for Na, K, Mg and Ca. Single 
element lamps are preferred, but multi element lamps may be used. EDLs 
are more intense than hollow cathode lamps, and are preferred for K and 
Na. When performing analyses in emission mode, no lamps are needed. 
Pipettes and volumetric flasks in various sizes. 
Chemicals: 
1. Deionized water 
2. Hydrochloric Acid (HCl), Suprapur, 37% 
3. Cesium Chloride (CsCl), Suprapur or Cs-solutions especially for AAS 
4. Lanthanum Oxide (La203), 99.99% Or La-solutions especially for AAS 
5. Sodium Chloride (NaCl), Spectra pure 
6. Potassium Chloride (KCl), Spectra pure 
7. Magnesium Oxide (MgO), Spectra pure 
8. Calcium Carbonate (CaCOs) 
Compressed gas and pressure reducing valves. Both acetylene and 
air are needed. The air may be supplied from a compressor with cleaning 
unit. 
Direct Determination of Phosphorous by Atomic Absorption 
Flame Spectrometry; 
The direct determination of phosphorous by atomic absorption 
spectrometry at its 177.5-178.3 and 178.8-nm resonance lines using 
nitrogen -separated nitrous oxide-acetylene flame and microwave-excited 
phosphorous electrodeless discharge lamp source is used. Phosphorous 
may be determined in aqueous solution as o-phosphate with a sensitivity of 
4.8 and 5.4 ^igms/ml (for 1% absorption) at the 177.5- and 178.3-nm lines; 
the corresponding detection limits obtained at these wavelengths were 29 
and 21 figrams/ml, respectively. The high temperature and relatively 
transparent nature of the fuel rich flame make it a convenient atom cell for 
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the atomization of phosphorous; no significant chemical or physical 
interferences have been observed at the levels investigated. 
DETERMINATION BY XRF 
Some of the samples were analyzed in NGRI (National Geophysical 
Research Institute) Hyderabad under the X-ray Fluorescence Spectrometry 
(XRF of the Philips Company) 
Principles and Functions of XRF: 
X-ray fluorescence spectrometry is a technique for the analysis of 
bulk compositions in the rock samples. Samples are prepared as 
compressed powder and excited with x-ray radiation. Interaction of this 
primary radiation with atoms of the sample causes ionization of discrete 
orbital electrons. During the subsequent electronic rearrangement by which 
the atom is de-excited back to the ground state, fluorescence X-rays of 
energy characteristic of that element are emitted. The emission intensity of 
this characteristic radiation is measured with a suitable X-ray spectrometer 
and compared with that irom standard sample. This is most widely used 
technique for analysis of rock samples for both major as well as trace 
elements. 
Principle: 
The principle components of the instrument are: 
1. X-ray tube. 
2. X-ray Spectrometer 
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A wavelength dispersive spectrometer itself consists of four 
principal components; a dififracting crystal, X-ray detector (Scintillation 
Counter), beams defining callimeter and the goniometers. 
The function of wavelength dispersive spectrometer is to 
measure the intensity of X-rays of discrete energy in the fluorescent 
spectrum of a sample using the phenomenon that certain crystalline 
materials are capable of strongly diffracting X-rays as function of 
wavelength. 
The important parts and their fiinction: 
1. X-ray tube: Provides a source of X-rays which excite the sample 
2. Primary Beam filter: It is used in the situation where it is necessary 
to determine an element that suffers several overlap interference 
from the characteristic lines of the tube anode material itself 
3. Scintillation counter: It is used to measure the intensity of the 
diffracted X-ray beam. 
4. CoUimeter: It is used to stop the divergence of X-rays emitting from 
sample or diffracting from crystal and make their path in the form of 
straight line. 
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Chapter-3 
LITHOSTRATIGRAPHY AND GEOLOGICAL SETTING 
The lithostratigraphy and geological setting of the Lidder valley in 
Anantnag District of J&K state is well known and large numbers of 
investigations have produced a wealth of information about it. During the 
course of geological mapping of the parts of the Lidder valley, undertaken 
in connection with the Geological Seminar excursion, the authors have 
recorded some new facts pertaining to stratigraphy and structure of the 
area. 
V.P.Sharma and M.N.Sehgal in special publication no: 15 
Geological Survey of India October 1976 described that a thick passage 
zone comprising white, grey and purple quartzites with shale-slate 
partings, at places, pebbly and gritty, traversed by basic intrusives, occurs 
in between the Muth quartzite and the syringthyris Limestone as seen in 
Aishmuqam-Ayunu-ChanderNar Gali area. There is no passage zone 
between the Syringthyris limestone and the Fenestella Shales as seen in 
Ayunu-Pandoabal Ziarat section. A thick passage zone comprising fine to 
coarse grained and gritty, massive quartzite, with thick and persistant band 
of basic rocks occurs between Fenestella shales and the Agglomeratic 
slates as seen in Ayunu-Pandoabal Ziarat section and on Kollar-
Wollerhama-Sallar and Kotsu Spurs. 
However the Permian Sedimentaries and Panjal Volcanics are 
exposed in the area NW of Pahalgam town and lies along the bank of west 
Lidder River from 1950m to 5410m (N.H.Hashmi). The entire area lies in 
the intervening syncline trough between the SE pitching Basmai anticline 
in the North and NW pitching Aishmuqam of Lidder anticline in the south. 
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The area is bounded by latitude N 34 02' 30" to 34 12' 30" and the 
longitude E 75" 10' to 75** 20'. In Lidder valley, some fossils were 
discovered as well. Owing to their poor preservation it has not been 
possible so far to make specific identification. 
The other interesting and important fact about the formation is 
the presence of phosphate in the form of pellets in the upper band of the 
Permian Limestone. The analysis of six random chip samples showed 9% 
ofP205(Hashmi 1971). 
The lithologic sub-division proposed by Middlemiss (1910) has been adapted 
and is as follows: 
Pleistocene: Karewas (Moraine and outwash Deposits) 
Post Permian: Panjal Volcanics (Glomeroporphyratic & amgdaloidal lavas) 
Permian of Aru Vallev 
Sandstone 
Shales 
Limestones 
Stromatolites. Sinophyllum. 
Tetraphlum, Protoretepora 
Ampla, Polypora. 
Middle Carboniferous 
NWof Pahalgam 
Upper Shale Fenestella (Bryozoas) 
SpiriferRaja (Bracio) 
Aviculopecten (Lam.) 
Phillispia (Trilobita) 
Limestone Productus 
Lower Shale 
Stratigraphv of Lidder vallev (NW-Pahalgam) as proposed bv Middlemiss 
(1910). 
Along the road to Am few kilometers NW of the Pahalgam town 
the middle carboniferous formations are exposed on the right side of the 
road and lithologically they are: 
Upper Shale 
Limestone 
Lower Shale 
The Lower shale is unfossiliferous and siliceous .The two upper 
bands are fossiliferous. The limestone has productus species and other few 
fragmentary fossils. The Upper shale is full of fossils. 
In the Am valley about 2 km's SE of the Am village, in a nalla 
cutting there is a good exposure of the sedimentary rocks of the Permian 
age. These are also exposed uphill and on the road between Aru and 
Liderwat. Lithologically these are divisible into: 
Sandstone 
Shale 
Limestone 
Locally this series overlies the Panjal traps, which are massive 
green coloured and very rich in calcite. 
LIMESTONE 
The lower most rock of this series is limestone that can be divided 
into three sub-divisions: 
Upper Band 
Middle Band 
Lower Band 
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The lower bands of the limestone is unfossiliferous. dark coloured, 
soft and also shows occasional effects of contact metamorphism which 
indicates that the overlying basic rock is in the form of sill and not flow. 
The middle band that is thinnest of the three bands is unfossiliferous. 
The upper band is siliceous, lighter in colour and much harder 
than the two lower bands. Occasional branching stromatolites are also 
present but they are in inverted position. Along the interlaminal partings of 
the stromatolites often "CoUophane" is present which is also found in the 
form of pellets. Because of CoUophane the Upper band of the limestone is 
phosphatic. 
SHALE 
Conformably lying over the limestone is shale, which is chocolate, 
coloured, unfossiliferous very friable and breaking into needle shaped 
fragments. 
SANDSTONE 
The sandstone which is also lying conformably on the shale is dark 
coloured, very hard, coarse grained and cross-bedded. 
The limestone contains stromatolites, which show convex sides 
downwards whereas the earlier workers (Misra and Valdiya 1961) had 
reported that in the normal position the stromatolites have convex sides 
upwards. Hence from the position of the stromatolites it can be assumed 
that over here the limestone strata is in inverted position. The cross 
lamination in the sandstone is in normal position as its convex sides are 
facing upwards. 
Overlying the above-mentioned series of sedimentary rocks are a 
great thickness of distinctly bedded and jointed green coloured lava flows. 
The individual flows vary in thickness from few Cms to several meters. It 
is generally non-porphyritic and amygdoloidal. The large phenocrysts of 
feldspar arranged in star shaped or radiating aggregates, give 
glomeroporphyritic structure. The amygdules are composed of silica, 
epidote or rarely of some zeolites. The lava shows generally wide spread 
alteration and it is cut across by silica and epidote veins. 
In addition to these lava flows there are also few dykes cutting 
across the underlying Permian rocks. The best-exposed dyke is nearly 2 
Km's North of Aru village and is 10 meters thick. 
The youngest formation and most abundant after the trap is the 
glacial deposits of Pleistocene age. It is composed of Moraines and 
Outwash deposits. The most common pebbles and boulders of these 
deposits are of the traps. Pebbles and boulders are also common in these 
deposits. 
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Chapter-4 
PETRO-MINEROLOGY 
In a descriptive terminology, the phosphate particles are primarily 
defined by their size and shape. The smallest particles are grains whose 
size is smaller than that of granules i.e. 2mm in diameter. Above 4mm. 
these particles are gravels, then pebbles, cobbles and boulders. In mined 
phosphate ore, rounded, half rounded or less ovoid grains are generally the 
most common and were often called "ooliths". Their general lack of 
concentric structure, however, has gradually led to these grains being 
called pseudo-ooliths, and now, most commonly, "Pellets". Different 
authors give more or less strict definitions of the term "pellet". According 
to Pettijhon (1969) these grains, whose origin is not necessarily faecal and 
which are generally rounded to half rounded, may also have less irregular 
shapes, being cryptocrystalline or microcrystalline, they have no radial or 
concentric structure. Pellets may also contain various organic or mineral 
inclusions. The size of phosphate pellets may in principle vary from 10 
milli microns to 2mm, but in practice it is usually between 50 millimicrons 
and 1mm. In the majority of the cases, the phosphate occurs in deposits in 
the form of particles of the size of arenites. Most ores are therefore 
Phosphoarenites or possibly rocks with phosphate particles of the size of 
arenites. Phosphate forming pellets are more or less angular or flattened 
grains that can generally be classified as intraclasts or bioclasts. The pellets 
occur in widely varying forms, owing to the differences in the texture of 
their endogangue. Certain pellets are very homogenous in appearance, with 
practically no endogangue, grains of this type are frequently contained in 
sub-outcrop strata although entire apatitic and other pellets have very clear 
organic inclusions; Debris of diatomaceous phytoplankton, radiolarian, 
Foraminifera, all epigenized with phosphate, in the last two cases, the 
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fossil is generally well centered in the pellet, which has obviously formed 
around it. 
Organic matter is always found in the endogangue of pellets that 
have not undergone too intensive secondary oxidation. The outer edge of 
pellets is quite often covered by a cortex consisting of a layer of hyaline 
apatite (in fibrous or microcrystalline form) of variable thickness, usually 
not exceeding few microns. In certain cases, a single outer layer encloses a 
number of pellets (forming a compound pellet); in other numbers of these 
layers are superimposed on one another around a single pellet, giving it an 
oolithic texture. 
The petro-minerological study of the representative samples, 
collected from the different exposures in the area, was carried out in order 
to identify the phosphate minerals and other associated gangue 
constituents, texture and structure of the phosphates. In the research area 
two kinds of limestone of two different ages are found. Along the road to 
Am from Pahalgam the middle carboniferous formations are exposed and 
about 2km's SE of Am village in a nalla cutting, there is good exposure of 
the sedimentary rocks of the Permian age. Samples were collected from 
both the exposures. The lower band of the limestone is dark coloured, soft 
and show occasional effects of contact metamorphism. The upper band is 
siliceous, light coloured harder than the two lower bands. 
Along the interlaminal partings of the stromatolites coUophane is 
present in the form of pellets due to which the upper band of the limestone 
becomes phosphatic. 
The mineral composition of the samples from the research area near 
Pahalgam is as follows: 
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Minerals Approx. %age 
CoUophane 7-9% 
Calcite 60-70% 
Quartz 3-5% 
Dolomite 5-7% 
Clay (Limonite, Biotite, Muscovite) 10-14% 
Iron Minerals 4-6% 
CQLLOPHANE 
CoUophane is a crypto crystalline mineraloid having a 
composition SCaj (P04)2 Ca (CO3F2O) H2O (Kerr 1959) i.e.; Carbonate 
hydroxyl flourapatite. The colour of CoUophane ranges from greyish, 
greenish, dark brown to yellowish brown. It is microcrystalline in nature 
and isotropic to weakly anisotropic under crossed nicols. 
The different textures encountered in phosphatic material are 
described as follows: 
Ovulites: 
It is composed of well sorted ovoidal to spheroidal and elongated 
aggregate masses (Plate 2, Figure 3). The aggregate possesses a modal 
diameter of 0.0002mm to 2 mm. 
Microaphanite: 
It is composed of interlocking grains having sutured arrangement 
(Plate 2, Figure 4) and the modal diameter is less than 0.0002mm. 
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Interstitial collophane: 
The collophane is seen to occur interstitially (Plate 3, Figure 5) in 
the voids between calcite, quartz and feldspar grains. The colour of 
interstitially occurring collophane is greenish and it is isotropic. 
Massive Collophane: 
Massive collophane is dark greyish to yellowish brown in colour 
and at places replaces the calcite (Plate 3, Figure 6). 
NATURE OF OCCURRENCE 
The nature of occurrence of phosphate minerals is noted below: 
Pellets: 
The pellets are dark grey to brownish in colour and are enclosed 
in the carbonate matrix. The boundary between these pellets and the 
ground mass is generally irregular though sharp with no visible 
replacement relation. Inclusions of angular small clastic quartz grains are 
seen in these pellets (Plate 4, Figure 7). 
Nodules: 
Nodules are in the shape of smaller ovoids which are composed 
of dark grey to yellowish brown anisotropic collophane embedded in a 
cementing material consisting of calcite (Plate 4, Figure 8). 
CALCITE 
Calcite is the principal carbonate mineral having the composition 
CaC03. It is usually colourless to light grey in colour and occurs as coarse 
particles in the form of rhombohedral crystals (Plate 4, Figure 8) which are 
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usually subhedral. occasionally anhedral and rarely euhedral. They are 
equidimensional and the polysynthetic twinning is parallel to the long as 
well as short diagonal of rhombs. The crystals are tightly packed with 
slight sutured margins that could be the effect of solution pressure. It is 
recognized by its light birefringence, perfect rhombohedral cleavage and 
marked change in relief on rotation of stage in plane polarized light. 
Calcite also occurs as micrite (Plate 3, Figure 5) which is a lime mud or its 
indurated equivalent either in crystalline or fine grained forms with 
diameter not exceeding 0.005mm in size. This interference colour is pearly 
grey to white of the high orders. The extinction is symmetrical to the 
cleavage traces. Calcite veins (Plate 2, Figure 3) cutting across the 
phosphate matrix are seen in some of the thin sections. 
QUARTZ 
Quartz is found sporadically (Plate 4, Figure 7). The grains are 
angular to sub-rounded. It occurs in different forms associated with 
coUophane. 
DOLOMITE 
Dolomite is also a gangue mineral having composition CaMg 
(003)2. Dolomite also shows almost the same optical characteristics as that 
of calcite and varies in size from 0.38 to 1.76 mm. The crystals are usually 
subhedral to euhedral and twin lamellae to short diagonal. It has 
rhombohedral cleavage, high birefringence (light white) and marked 
change, in relief on rotation of the stage in plane polarized light (Plate 5, 
Figure 9). 
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FERROUS MINERALS 
Pyrite being intimately associated with phosphate is the most 
common iron mineral present in unweathered rock phosphate. It occurs as 
subhexagonal lumps and tortuous streaks and ranges in size from 10 
microns to 89 microns. In polarized light, the colour is steel grey (Plate 5, 
Figure 10) having high relief and is isotropic under crossed nicols. In 
reflected light, it is brass yellow in colour (Plate 6, Figure 11). 
The other minerals which are present are clay minerals especially 
limonite (Plate 6, Figure 12). The colour of limonite in polarized light is 
light brown to orange and is isotropic in crossed nicols. Limonite is 
generally the alteration product of pyrite and is thus found more in 
weathered samples. Pyrite/Limonite ration could serve as index of 
weathering. 
REPLACEMENT 
The mutual replacement of phosphate, carbonate and silica has 
been noticed in these sediments (Plate 4, Figure 7). However, carbonate 
replacement is very common. 
The carbonate material penetrates into ovules of collophane and 
as the intensity of replacement increases it becomes thicker replacing the 
phosphate material completely. When intensity of replacement is low the 
phosphate material is partially replaced. 
In weathered rock phosphates feeble carbonate replacement of 
silica is observed possibly due to leaching out of carbonate by chemical 
weathering, thus a ratio of carbonate and silica in such rocks along with 
pyrite/limonite ratio could illustrate the extent of weathering. 
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The replacement is also observed in matrix. At places the 
phosphate pellets are embedded in carbonate matrix which indicates a 
replacement of original phosphate by carbonate or intrabasinal transport of 
earlier formed phosphate pellets and their redeposition contemporaneous 
with the precipitation of chiefly carbonate mud (Plate 3, Figure 6). 
VEINS 
Veins are seen cutting across the collophane. Calcite vein is seen 
in phosphate matrix. In some of the slides quartz vein is seen in calcite and 
dolomite matrix. Alternate veins of massive collophane and quartz have 
also been noted. 
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Chapter-5 
GEOCHEMISTRY OF PHOSPHATIC SEDIMENTS 
GENERAL STATEMENT 
Henning Brand discovered Phosphorous in 1669. Because of its 
occurrence and involvement in inorganic and biological processes in such 
major shells of the earth as the hydrosphere, lithosphere and biosphere, 
phosphorous is a very important element in the geochemical cycling and 
mass transfer in the continent-ocean interface. It is the second member of 
nitrogen family in the Group V-A of the periodic system of classification. 
Its atomic number is 15. 
Omitting the basic elements of hydrosphere, lithosphere, 
biosphere and atmosphere (O, C, N, H), P is the eighth most abundant 
element in the crustal earth. The average value for the crustal earth is 1010 
parts per million whereas the sedimentary arc of the geochemical cycle 
contains 400 (Limestone) to 700 (Shales) ppm of P (Turekien, 1973). On 
the other hand, in the hydrosphere the fresh water contains only 0.02 ppm 
P and the sea water 0.088 ppm P. The Geochemistry of sedimentary 
phosphates centers around the geochemical behavior of apatite in marine 
environment. Apatite represents a group of minerals containing Ca"^  and 
P04"'^  as essential constituent. 
The most commonly observed species of phosphate is the 
Carbonate flourapatite, which may be an intermediate species on the solid 
solution series of the two end members. Earth scientists now agree on the 
whole that COs'^  is part structure of Carbonate apatite, there is still 
considerable controversy regarding the mode of phosphorite formation. 
The main geo-chemical question is whether carbonate apatites should be 
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considered as a regular chemical precipitate formed upon supersaturation 
of natural waters (Kazakov 1937; 1950, McKelvey 1953) a 
biogeochemical product formed, for instance by the product of micro-
organisms or simple replacement product caused by the introduction of 
PO4 units into pre-existing calcareous material (Bushinsky 1935,1964, 
Ames 1959). 
The first theory is at present widely accepted among geologists, 
though it appears that replacement of calcium carbonate by phosphate 
solutions is the most probable mode of formation of large marine 
phosphate deposits. This assumption is based on the fact that the 
conversion of calcite into carbonate apatite may take place at P04"^  and 
Ca^ "" concentrations, considerably below those required for apatite 
precipitation. Furthermore, in contrast to (F, OH, CI) apatite, the carbonate 
phosphates do not precipitate from aqueous solutions as determined 
experimentally by Klement et.al (1942). Thus a supersaturation would only 
result in precipitation of (F, OH, CI) -apatite. 
In this respect carbonate apatites resemble closely the so-called 
primary dolomites, which are exclusively products of early diagenesis. The 
formation of carbonate apatite by calcite replacement in the system 
Na3P04-CaC03-H20 at low temperature has been investigated in detail by 
Ames (1959). The mechanism of Calcite phosphate exchange was studied 
both under equilibrium and non-equilibrium conditions. 
So, it can be inferred that the formation of carbonate apatite is a 
result of the incomplete replacement of COs"^  by P04" .^ It is suggested that 
in diagenetic environment permits the chemical composition of a 
completely phosphatised limestone consisting of carbonate apatite will 
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gradually change in the direction of a regular apatite, which means a loss 
of COs'^  groups and gain of OH" and F". 
AQUEOUS CHEMISTRY OF PHOSPHOROUS 
Some features of phosphorites, of interest to its chemistry of 
formation are: 
1. Associations with carbonate minerals. 
2. Presence of black -shale, pyrite and other features of reducing 
envirormient. 
3. The role of organic and inorganic processes in influencing the 
concentration and precipitation of phosphates. 
4. Occurrence of sedimentary apatite involving extensive isomorphous 
susbstitution of both cations and anions. 
GEOCHEMISTRY OF THE SEDIMENTS 
The rock samples of phosphatic and associated sediments of two 
different bands of limestones in investigated area were analysed for major 
and trace elements in order to determine the elemental distribution and 
their bearing on genetic significance. The complete results of the major 
and trace elements are given in Table-1 & 2. Plotting of various oxides is 
shown in figures 2-21. 
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Major Oxides: 
The abundance and distribution of the major oxides in the 
limestones and their frequency percent distribution in parts of Aru Valley 
Pahalgam is given as follows: 
Soda & Potash (NazO & K2O) 
Sodium and Potassium are strong lithophile elements. Wedepohl 
(1970) discussed their chemical characters and mentioned that they differ 
from many other groups of elements especially in their mobility. Sodium 
and Sulphate concentrations in the pelletal phosphorite indicate high 
paleosalinity (Smimov, 1962). Each elemental association reflects a 
grouping of elements, viz; structurally substituted in major mineral apatite, 
adsorbed on the mineral surface or existing as discrete mineral derived 
from apatite during weathering. Most elements actually exist in more than 
one association. Low Na & K content indicate differences in the salinity 
conditions during the time of their formation, which, in turn, gives scope to 
infer a more restricted lagoonal to supratidal conditions. 
The variation trends of Na20 & K2O in limestones of Aru Valley 
are from 0.486% to 0.713% and 1.002% to 3.894% respectively. 
Lime & Magnesia (CaO «&MgO) 
Calcium and Magnesium fall in the lithophilic group 
(Goldschmidt 1923). They have high mobility like Na & K (Mason 1966). 
The solubility of Ca-phosphate is highly dependent on pH, the mineral and 
dissolved chemical species involved and surface effects. It has been 
reported from almost all phosphorite deposits of the world that calcium is a 
well-known and most significant element found in the crystal lattices of 
apatite and its chemical composition. It is well known that magnesium has 
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a close chemical affinity with calcium-phosphate mineral with additional 
anions like F, CO3, OH, CI and sometimes O indicates the association of 
magnesium with this mineral. 
The variation trends of CaO and MgO in the study area are from 
27.849% to 69.836% and 3.001% to 3.810% respectively. 
Calcium is precipitated as calcium carbonate either by purely 
inorganic process or by the action of organisms. Limestone can be partly 
or wholly converted to dolomite by the metasomatic action of magnesium 
rich solutions and Mg is thereby precipitated and concentrated together 
with calcium (PettiJohn 1984). The magnesium content is a function of 
both the Mg content of skeletal debris in the limestone and of post 
depositional additions. Normally magnesium is added through the 
dolomitization process, although some ancient rocks contain less 
magnesium that demanded by organic debris, suggesting that the 
magnesium released by the break down of high magnesium calcite has 
been lost (Chave, 1954). 
The occurrence of magnesium may be due to ionic substitution of 
Mg^ by Ca^ ^ in the apatite during marine conditions of the basin. The low 
concentration of magnesium may be due to adsorption by fine-grained 
quartz and clay minerals and in the huge masses of iron. 
Alumina (AI2O3) 
According to Goldscmidt (1937), aluminium is a lithophile 
element and during weathering it is liberated from the pre-existing 
minerals and transported as hydrolysates and only very little is found as 
precipitates (Mason 1966). Oxidates evaporates and seawater carbonate 
rocks constitute about 2.5% AI2O3 Aluminium generally occurs as 
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suspensates as well as in sediments. It mostly occurs in low temperature to 
humid area. 
Mason (1958) on the other hand opined that the accumulation of 
the products of chemical break down of alumino-silicates gives rise to a 
mud consisting essentially of the clay minerals that are rich in alumina and 
also potassium by absorption. The abundance of clay size materials in the 
non-pel letal phosphorites particularly in the cellophane mudstone, results 
in AI2O3 content and much steeper regression lime (Cook 1972). 
The quantitative variation trends observed in AI2O3 from the 
limestones of the Am Valley are from 3.841% to 10.008%. The low 
concentrations of alumina may be due to lesser quantity of clay minerals 
and high associations of ferruginous minerals like magnetite and limonite 
that constitute cementing material of the phosphatic rocks which indicate 
humid to low temperate climatic conditions in the study area at the time of 
precipitation and phosphatization of these sediments. 
Silicon Dioxide (Si02) 
Si02 being a lithophile element has an affinity for the silicate 
phase (Mason 1966). The solubility of silica depends on the pH of the 
solution. The higher the pH, the more the silica goes into solution. If the 
pH decreases for instance by the addition of CO2, silica precipitates. This 
process may sometimes lead to a notable concentration of silica. Some 
veins and cementing material is made of silica. The low concentrations of 
silica in the phosphatic ores may be due to continous leaching of the ores 
by ground water. The presence of carbonate in fluor-carbonate apatite 
phase may be responsible for the precipitation of silica in the very fine-
grained quartz and siliceous cement. The association of silica in these 
phosphate ores may be partly due to the presence of detrital quartz and 
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partly to secondary silica as chemical precipitate. The variation trends of 
Si02 observed in the study area are from 14.346% to 40.545%. 
Phosphorous Penta Oxide (P2O5) 
Goldschmidt (1937) classified phosphorous as a siderophile 
element. The original source of phosphorous that takes part in the exogenic 
process is the content of phosphate minerals in igneous rocks of which 
fluor-apatite is the principal mineral. Owing to the low solubility of fluor-
apatite some phosphorous remains insoluble and becomes re-deposited in 
the residual sediments. Another part of the phosphorous passes into 
solution as alkali phosphates and dissolved or colloidal calcium phosphate 
in waters containing CO2 and in swamp water rich in organic matter. Some 
of this phosphorous is reprecipitated as calcium phosphate and the bulk of 
it is carried to the sea. 
Thus the primary source of phosphorous in seawater is the 
continental run off. The inorganic extraction of phosphorous from seawater 
is derived from the precipitate of carbonate fluor-apatite (McClellan and 
Lehr, 1969) and probably by adsorption processes. The inorganic 
extraction is mainly controlled by the solubility of CO3-F apatite in 
seawater. According to Roberson (1966), seawater is generally 
supersaturated with respect to phosphate and computed that deep ocean 
water is probably near equilibrium with respect to OH and CO3-F apatite, 
whereas shallower coastal waters are probably supersaturated. 
According to Sheldon (1980), increase of temperature and 
decrease of pressure tend to change seawater chemistry towards saturation 
with respect to apatite. Phosphate associated with the acid soluble fraction 
of the sediments in association with the carbonate phase and in adsorbed 
state can occur in at least with two kinds of associations, 1) in areas of high 
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organic productivity associated with reducing conditions during their 
formation and, 2) in areas which do not have a high organic productivity 
and associated with oxidizing conditions in the environment (Paropkari, et 
al., 1981). 
The P2O5 content of the limestones in Aru Valley varies from 
0.0096% to 9.011% and the phosphate is found in the form of pellets. 
Titanium Oxide (Ti02) 
Being a strongly lithophile element Ti02 is less mobile and 
possesses strong resistance to chemical weathering as compared to the 
others (Mason 1966). Much of the titanium is found in the clay fractions of 
the hydrolysates sediments. Practically, no titanium enters ocean water as a 
solute, owing to the prohibitive ionic potential. Titanium is thus - not 
found in evaporate sediments. In the study area the variation trend for TiO^ 
is from 0.584% to 1.645%. The low content of titanium in the study area 
indicates its lesser mobility and adsorption on the surface of clay, iron and 
phosphate bearing sediments. The low concentration may also be found 
due to leaching of ores and a minor content might have been adsorbed in 
the crystal lattices of apatite. 
Manganese Oxide (MnO) 
Manganese Oxide is highly mobile unlike titanium and 
aluminium (Mason 1966). It is possible that manganese is either present as 
adsorbed ion on the surface of apatite or present in some other discrete 
mineral species of similar paragenesis not identified in the present 
investigation (Banerjee & Saigal, 1988). 
MnO in the study area is very low and varies from 0.104% to 
0.412%. Manganese, like iron is enriched in hydrolysates, residue formed 
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by lateritic weathering and is concentrated mostly in the oxidate sediments. 
It is generally absent in sediments formed as a result of solution or 
reprecipitation. 
The low concentration of Mn in the study area indicates shallow 
marine conditions of the sedimentary basin. The MnO may partly be 
emplaced in the apatite structure of clay, phosphate and iron bearing 
minerals. 
Ferrous Oxide (Fe203) 
It is a siderophile but also resembles to the elements of 
chalcophile group. The ferruginous content of the rocks, which gives them 
colouring, is probably due to the oxidation of iron content of the detritus 
mainly at the time of transportation and sedimentation, but the fine-grained 
hematite rich pockets may be chemogenic in origin. The variation trend of 
ferrous oxide in the study area varies from 4.400 % to 12.773%. Generally 
iron is precipitated as ferric hydroxide along with the formation of 
argillaceous sediments. The higher concentration of Fe203 in some 
samples may be due to secondary iron oxide coatings. 
RELATIONSHIP OF P,0^ WITH OTHER MAJOR ELEMENTS 
In order to ascertain the physico-chemical nature of the basin of 
deposition and condition that led the concentration of P2O5 in these 
sediments, it is desirable to find out the relationship between the various 
elements. In the present study an attempt has therefore been made to find 
out the behavior of various chemical components and the relationship of 
P2O5 with other elements in phosphatic sediments. 
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P2O5 vsSiOz: 
The relationship between Si02 and P2O5 is represented by plotting 
SiOi against P2O5 in figure 2. It has been observed that the positive 
correlation exists between the two, which indicates that Si02 increases in 
the environment with the increase of P2O5 
P2O5 vs CaO: 
The plotting of P2O5 against CaO shows inverse correlation 
(Figure 3). This relationship indicates the gradual removal of CaO by P2O5 
in the environment. 
P2O5 vs MgO: 
The relationship of P2O5 with MgO for phosphatic sediments is 
shown in Figure 4 and inverse relationship is obtain in all these rock types 
which indicates replacement of MgO by P2O5 during diagenesis. 
P2O5 vs FejOj: 
The relationship between P2O5 and Fe203 is shown in Figure 5 
for phosphatic and associated sediments. A positive relationship is noted 
indicating an increase in Fe203 content with the increase of P2O5 content. 
In some samples there is presence of pyrite that indicates a reducing 
environment at the time of deposition. 
P2O5 vs NajO: 
These rocks have very low Na20 content and when P2O5 is plotted 
against Na20 an inverse correlation is obtained for the phosphatic 
segments (Figure 6). 
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This relationship indicates that Na20 decreases with increase of 
P2O5 and vice-versa. 
P2O5 vs K2O: 
K2O content is although very low in these rocks but the plotting 
of P2O5 against K2O shows positive relationship indicating an increase in 
K2O with the increase in P2O5 content (Figure 7). 
P2O5 vs AI2O3: 
A positive correlation is obtained by plotting AI2O3 against P2O5 
(Figure 8). For phosphatic and associated sediments. This positive 
relationship shows that P2O5 increases with increase in alumina and vice-
versa. 
CaO + MgO vs NazO+KzO: 
The plotting of total oxides of calcium and magnesium versus 
total oxides of sodium and potassium reveals that total lime and magnesia 
increases with increases in sodium and potassium (Figure 9, Table 5). 
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CaO/MgO vs FejOj/ AI2O3: 
Fe203/Al203 varies from 1.259 to 1.631 in phosphatic and 
associated sediments (Table 4). The figure 10 shows that total iron/alumina 
decreases with the increase of lateritic or bauxitic constituents, the ratio of 
CaO/MgO decreases, which indicates that dolomites cannot be formed 
under the conditions that favour lateritic or bauxitic formation. 
CaO/MgO vs NazO/KzO: 
CaO/MgO varies form 7.271 to 32.063 and NajO/KjO ranges from 
0.123 to 0.708 in phosphatic sediments (Table 3). These ratios are plotted 
in Figure 11, which indicates that ratio of calcium oxide and magnesium 
oxide percentage increase with in the ratio of alkalies. 
CaO +MgO vs FeiOj+TiOz: 
The relationship between total lime and total iron and Ti02 in 
phosphatic sediments is shown in Figure 12 and the data is available in 
Table 6, which indicates the inverse relationship. 
PETROCHEMICAL FIELDS AND TRENDS 
Although it is difficult to derive a general trend for sedimentary 
rocks due to the complexity of physico-chemical conditions, which 
brought out these rocks, topography of source high lands and sea floor. An 
attempt is made here to suggest the fields and trends for the phosphatic and 
associated sediments. 
AlzOa-KzO-SiOj: 
Figure 13 shows the relationship between Al203-K20-Si02 to one 
another for phosphatic and associated sediments. The plot reveals the 
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increase of AI2O3 with lower concentration of Si02 and K2O. It may be due 
to supply of free alumina in different proportions along with the silica. 
Table 7 represents the recalculated values to 100 weight percent of AI2O3-
K20-Si02. 
AljOj+FezOa-SiOz-CaO+MgO: 
The triangular diagram is shown in Figure 14. It assumed that in 
phosphatic samples AI2O3+ Fe203 is in between 20% to 30% and reaches 
even up to 65% with Si02 40% to 45% and even upto 70% the points are 
scattered randomly indicating the variation of these contents. The 
recalculate values of Al203+Fe203-Si02-CaO+MgO are given in Table 8. 
KjO-CaO-NajO: 
The diagram shows concentration of points on Ca comer 
indicating a low matrix. (Figure 15, Table §9.) 
MgO-CaO-AljOa: 
Figure 16 shows the average of oxides, plotted on triangular 
diagram expressed as oxidic weight percent. The MgO-CaO-Al203 shows 
the concentration of points on CaO comer indicating low matrix content. 
(TablelO). 
MgO-FezOj-CaO: 
All the points are concentrated in the comer towards CaO. which 
indicates high matrix. (Figure 17, Table 11). 
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CaO-FeiOa-AljOa: 
The diagram reveals that the most of the points Hes along CaO-
Fe203 line and AI2O3 does not increase that much. This indicates that the 
rocks are having more iron content than the argillaceous contents. Table 12 
represents recalculated values to 100 weight percent (Figure 18). 
CaO-NaiO+KzO-FezOj: 
In a diagram most of the points lie near Ca comer and spreading 
towards Fe203 which indicates that the concentration of alkalies is very 
low in these sediments pointing that the deposition of the phosphate might 
have been favored by slightly alkaline medium (Figure 19). The 
recalculated values are given Table 13. 
PzOs-CaO +MgO-Si02: 
Figure 20 shows the variation in P205-CaO+CaO+MgO-Si02 
with scatter of points widening towards the P205-Si02 side. The plot 
reveals the higher percentage of CaO+ MgO with moderately high 
percentage of P2O5. The recalculated values of reoxides are given in Table 
14. 
MgO-FejOj-NazO+KlO: 
This diagram represents the variation in percentage of these 
contents in phosphatic sediments. The points are scattered and most of 
them lie along the Fe203 line indicating moderately high percentage of iron 
content as compared to alkalies (Figure 21, Table 15). 
It has been observed that in all rock types when P2O5 is plotted 
against Si02, MgO, Fe203, an inverse relationship is observed which 
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indicates gradual replacement of these oxides by P2O5 during diagenesis 
and nothing definite could be stated regarding the source of phosphates. 
Regarding the supply of silica and phosphorous the ultimate source should 
be seawater. 
Petrochemical fields and trends reveal that in the diagrams having 
CaO on one of the comers of the triangle, most of the plotting points lie 
towards the CaO comer. This indicates that the concentration of CaO is 
higher in these sediments, which may be derived from organisms present 
in seawater. It may be stated that conditions were favorable for the growth 
of life and much silica and phosphorous required for the formation of 
phosphates could have been derived by the decay of phytoplanktons. 
The variation in chemical composition represents on one hand the 
change in the supply of material while on the other hand a variation in 
physico-chemical nature of the basin of deposition. 
It has been observed from the triangular diagrams that iron content 
is moderately high in these rocks indicating the presence of pyrite as 
identified in some of the thin sections, which suggests the reducing 
environment with negative Eh possibly due to restricted circulation. It is 
noticed from these diagrams that the concentration of Na20 and K2O is 
very low in these rocks. This indicates that in an euxinic environment the 
deposition of phosphate might have been favored by slightly alkaline 
medium, often ranging to very weakly acidic medium. 
52 
Si02 
0 100 
20 80 
40 60 
60 40 
80 20 
100 0 
AI203 K2O 
' ^ ' ^ ' ^ ' ^ O 20 40 60 80 100 
Fig.13:Si02-Al203-K20 ternary diagram of phosphatic sediments. 
53 
CaO+MgO 
100 
20 80 
40 60 
I 
60 / 40 
80 20 
100 0 
SJ02 Al203+Fe203 
^ 0 20 40 60 80 100 
Fig.14: CaO+MgO-Si02-AI203+Fe203 ternary diagram of phosphatic sediments. 
54 
K20 
0 100 
20 80 
40 60 
60 40 
80 20 
100 ^ 
UdU 0 20 40 60 80 1 0 ( 3 ^ * * ^ ^ 
Fig.15:K20-Na20-CaO ternary diagram of phosphatic sediments. 
55 
AI203 
0 100 
20 80 
40 60 
60 40 
80 \ 20 
100 * 0 
"•9^0 20 40 60 80 1 0 0 ^ ^ ^ 
Fig.16: Al203-CaO-MgO ternary diagram of phosphatic sediments. 
56 
Fe203 
0 100 
20 
40 60 
60 40 
80 • « 20 I 
100 
V 
0 
MaO CaO 
• " 5 J ^ 0 20 40 60 80 100 
Fig.17: MgO-CaO-Fe203 ternary diagram of phosphatic sediments. 
57 
AI203 
0 100 
20 80 
40 60 
60 40 
80 20 
• • • 
100 • * 0 
CaO Fe203 
WM^^Q 20 40 60 80 100 
Fig. 18: Al203-Fe203-CaO ternary diagram of phosphatic sediments. 
58 
Fe203 
0 100 
20 80 
40 60 
60 40 
80 \ 20 
• \ 
100 
Na20+K20 CaO 
* • ^Cl 20 40 60 80 100 
Fig.19: Fe203-CaO-Na20+K20 ternary diagram of phosphatic sediments. 
59 
Si02 
0 100 
20 80 
40 60 
60 V 40 
\ 
80 ^ 20 
« 
100 0 
poOs Cao+MgO 
• ^ ^ V Q 20 40 60 80 100 ^ 
Fig. 20: Si02-CaO-t-MgO-P205 ternary diagram of phosphatic sediments. 
60 
Na20+K20 
IT 100 
20 80 
40 60 
60 40 
80 • * V °^ 
100 
MgO 0 20 40 60 80 10 fe203 
Fig.21: Na20+K20-Fe203-MgO ternary diagram of phosphatic sediments. 
61 
GEOCHEMISTRY OF TRACE ELEMENTS 
The chemical composition of rocks, more particularly the 
distribution of trace elements in sediments has been used for identifying 
and distinguishing the depositional environment. Graf (1960) noticed the 
different forms in which minor and trace elements occur in some carbonate 
rocks. These forms are - solid solubility in the individual minerals, in the 
detrital minerals, as authigenic precipitates, as by products of 
recrystallization and as individual element or their compounds absorbed on 
the various minerals. 
Elements adsorbed in colloidal matter tend to accumulate in the 
clay zone, whereas the detrital minerals and elements present in their 
lattices are deposited both in silts and sands. Intense chemical weathering 
of the source rock breaks down the complex silicates, aluminosilcates and 
sulfides of igneous and metamorphic rocks. The trace elements thus 
released are usually Fe, Mn, P, V, Cr, Co, Cu, Pb, Zn, Be etc. that migrate 
partly in suspension as clay minerals, consequently there will be higher 
concentration of the elements in the fine-grained argillaceous and 
calcareous deep-water sediments. 
The trace element pattern is a function of two factors - a crystal 
chemical, the capability of the apatite lattice to accept foreign trace ions 
and a geochemical one, the availability of these elements in the 
environment of the apatite formation. 
An attempt has been made to present and discuss the 
geochemical abundance and distribution of certain significant trace 
elements like Cd, Sr, Cr, Ni, Cu, Zn and Pb in the phosphate bearing 
sediments of Aru Valley Pahalgam, District Anantnag J&K. 
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Cadmium: 
It is predominantly chalcophile element in its geochemical 
character and behaves very much like Zinc, both favoring a combination 
with sulphur. 
According to Saigal and Banerjee (1987), in no situation Cd 
shows positive relation with P2O5. Ionic radius of Cd is significantly 
similar to that of Ca and hence a partial substitution for calcium in apatite 
structure is possible. The present study indicates that Cd ranges from 9 to 
19 ppm in Lower band of limestones while in that of upper band it varies 
from 6 to 24 ppm. There is an increase in Cd values for constant P2O5 
Ionic radius of cadmium is significantly similar to that of Ca and hence, a 
partial substitution for calcium in apatite structure is possible. 
Strontium: 
Strontium is a lithophile element and occurs as oxysalts in 
residual sediments. The distribution of Sr in minerals, rocks, sediments and 
water is affected to a certain extent by the presence of calcium. It is noticed 
that phosphorous rich samples have higher Sr concentration. It is therefore 
inferred that the concentration of Sr increases with the increase of that 
P2O5. The increasing content of Sr could be due to the isomorphous 
replacement of Ca by Sr in the phosphate minerals and also possibly due to 
the formation of supergene strontium phosphates. Structure is furthermore 
shown by its presence in apatite and in calcium bearing amphiboles and 
pyroxenes. The range of Sr in study area varies from 807-934 ppm and 
579-1011 ppm in lower band and upper band of limestones respectively. It 
is noted that phosphorous rich samples have higher Sr concentration. It is 
therefore, inferred that the concentration of Sr increases with the increase 
of P2O5. The tendency of Sr to replace Ca in mineral structures is 
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ftirthermore shown by its presence in apatite and in calcium bearing 
amphiboles and pyroxenes. 
Chromium: 
Chromium occurs in nature principally as the trivalent ion. It can 
readily substitute for Fe^ .^ Chromium is usually concentrated in resistates 
and hydrolysates. The chromium bearing silicates release chromium that is 
incorporated into shales and schists. The Chromium in lower band of 
limestones ranges from 159-202 ppm while in upper band of limestones its 
range varies from 71- 255 ppm. Chromium shows positive correlation with 
P2O5, which indicates that Cr is preferentially confined to apatites. This 
view has also been supported by the presence of higher concentration of Cr 
in these phosphorites, which might be due to the presence of organic 
matter. 
Nickel: 
Nickel is a siderophile element and its bulk is found in metallic 
iron. In acid igneous rocks Ni is less enriched than in basic and ultrabasic 
rocks. Nickel inspite of its low concentration in phosphorites behaves 
almost like vanadium; it is however, a less evident substitute in apatite that 
may explain its lower concentration. Its concentration increases when 
phosphorites contain glauconites and iron oxides. The range of nickel 
varies from 147-191 ppm and 48- 357 ppm in lower and upper band of 
limestones respectively in the study area. Nickel shows positive 
relationship, which indicates adsorption of Ni in the phosphatic gels. 
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Copper: 
Copper is a strong chalcophile element in its geochemical 
behaviour. It shows high affinity with sulphur. Due to similarity of radii of 
Cu ^ (0.69 A) and Fe^^ (0.76 A) some workers have suggested that copper 
replaces Fe and Mg . Krouskopf (1956) has shown that Cu is effectively 
absorbed by Fe (OH)3, 
Mn (OH)3 and clay minerals. Copper does not show any correlation 
with P2O5 or CaO in bulk or but shows significant correlation with P2O5 in 
the phosphate concentrate. Their presence can be explained as due to 
adsorption of copper on the apatite crystal surface during diagenesis or by 
virtue of their affinity for certain associated elements (Saigal and Banerjee-
1987) Copper and Calcium show a linear relationship in all the 
intercolumnar carbonates. Copper in the study area ranges from 122-162 
ppm in lower band of limestones while in that of upper band the range 
varies from 15-187 ppm. Copper shows scattered distribution and there is 
no significant correlation with P2O5. Their presence can be explained as 
due to adsorption of copper on the apatite crystal surface during diagenesis 
or by virtue of their affinity for certain associated elements. 
Zinc: 
Zinc is a chalcophile element. It is consequently very mobile and 
lies on the border between the soluble cations and the elements of 
hydrolysates. During weathering Zn goes readily into solution as sulphates 
or chlorides, which is later on transported by surface or ground waters. The 
concentration of zinc in the study area ranges from 41-86 ppm and 22-107 
ppm in lower and upper band of limestones respectively. Zinc does not 
show any significant relationship with P2O5. 
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Lead: 
Lead occurs in the upper lithosphere both as chalcophile and 
lithophile element. It is present in silicate and phosphate minerals as Pb^ 
ions and particularly replaces Ca (1.06 A) diadochinally. The ionic radius 
of Pb (1.32 A ) makes it possible to replace strontium (1.27A* )^. 
Accordingly, divalent lead commonly occurs in the structure of potassium 
feldspar. It may replace Ca in minerals formed at lower temperature. 
It may be suggested that the minor content of Pb might have 
+9 
been replaced by Ca in oxidizing conditions of the marine environment. 
This Pb may also be adsorbed in the gangue constituents of the phosphorite 
rocks. Some mobilized lead is adsorbed on newly formed clay minerals as 
Kaolinite. The concentration of lead in the study area ranges from 51-101 
ppm in lower band of limestones, in the upper band of limestones of the 
study area the concentration varies from 32-118 ppm. Lead does not show 
any relationship with P2O5; however the concentration of lead in 
phosphates indicates its precipitation with pyrite. 
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SUMMARY AND CONCLUSION 
The Aru valley occupies the North-West of Pahalgam, about 12 kms 
NW of Pahalgam town along the bank of west Lidder River and about 102 
kms Crom Sriiuigar oflhc J&K state. The study area lies between N 34" 02' 
30" to 34" 12' 30" and east longitude 75" 10' to 75" 20'. The phosphate 
occurs in the form of pellets in the upper band of the limestone of Permian 
age. The outcrop is exposed along the road to Aru from Pahalgam near the 
small bridge on the nalla cuttings. 
Microscopic studies of sediments have revealed that coUophane is 
the phosphate mineral while the calcite and dolomite are predominant 
gangues. Quartz and carbonaceous matter are present in variable and 
insignificant amounts. In some of the thin section pyrite is seen intimately 
associated with coUophane forming irregular alternate bands. Other 
associated mineral as calcite in the form of veins intensely traversing the 
coUophane, angular quartz grains and clayey matter. 
Texturally the cellophane occurs as ovules, aggregated ovules, 
oolites, pellets, nodules or an interstitial material between gangue mineral 
grains or as structureless massive form. Replacement of coUophane by 
carbonate material is also noted. 
The chemical analysis of selected samples of phosphatic sediments 
from Aru valley reveals that P2O5 concentrations ranges from 0.0096% in 
Ihc lower band to about 9.011% in the upper band of Permian age. The 
CaO content ranges from 27.849% to 69.836%, while MgO varies from 
3.001% 10 3.719%. Ihc SiO. is about 14.346% to 40.545%. Alkalies 
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(Na20 & K2O), Alumina (AI2O3) and Titania (Ti02) are low in 
concentration. 
In order to know their geochemical behavior in phosphatic 
environment the relationship of P2O5 with major oxides was plotted. The 
results have been shown figures 2-12, which indicate that there is gradual 
increase in Si02 with the increase in P2O5 content, whereas the MgO 
shows inverse relation with P2O5. Alkalies (Na20 & K2O) also show 
inverse and positive relation respectively. Alumina when plotted against 
P2O5 also shows the positive correlation, which indicates increase of 
alumina with the increase in P2O5 content. Fe203 also shows the positive 
correlation. On the other hand there is a progressive increment in CaO. It 
has also been observed that there is an increase in CaO/MgO ratio with the 
increase in Na20/K20 ratio. Geochemically there is a striking difference 
between upper and lower limestone beds in the area. The lower bed is 
enriched in Fe203 and depleted in P2O5. Whereas, when compared to the 
lower bed, the upper bed is enriched in P2O5 and depleted in Fe203. In both 
the beds the Si02 remains same. This marks a strong time event in the 
basin history where there might be oxidizing environment prevailing 
during the deposition of lower limestone bed, which facilitated the 
precipitation of Iron, then the environment has changed to reducing 
resulting into the deposition of phosphate and depletion in iron 
precipitation. Si02 input into the basin may be because of continous supply 
of detritai material. 
The dispersion pattern and mutual relationship of significant 
major oxides represented by plotted diagrams, indicate that Si02, CaO and 
MgO are antipathetically related with P2O5. The relationship suggests a 
gradual replacement among these oxides during diagenesis. The 
distribution of various chemical constituents shows a wide variation from 
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rock to rock, in various lithological units as represented by figures 2-12. 
The variation in the chemical composition represents the changes in the 
supply of material and a variation in physico-chemical environment of 
deposition. 
The higher percentage of CaO indicates that these sediments may 
have been derived Irom organisms present in seawater. The conditions 
were favourable for the growth of life and most of the silica and 
phosphorous required for the formation of phosphate could have been 
derived by the decay of phytoplanktons. The iron content in these rocks 
indicates the presence of pyrite, which suggests a reducing environment. 
Majority of the samples have greater CaO/P205 ratio, The most 
common substitution of PO4 " is by CO3 '^. The higher CoDIVjOs ratios in 
the phosphorites are also primarily indicative of the presence of carbonate 
flourapatite and the formation of phosphorite by replacement process of 
these constituents. The principal oxides like Si02, AI2O3, TiOa, K2O etc.. 
which are not related to apatite, may have association with the silicate 
group. 
The variation trends in the chemical composition of the 
phosphates and the host rocks may perhaps be due to certain marked 
changes in the supply of the material, variation in composition of waters 
and physico-chemical conditions of the deposition. The low Mn content 
confined with low FeO/MnO ratio, enrichment of P2O5 in the younger 
sediments, low content of alkalies as well as their interrelationship and 
distribution pattern in the petro-chemical fields indicate that most probably 
these phosphatic rocks were deposited in a shallow water geosynclinal 
basin favoured by slightly alkaline medium often approaching a very 
weaklv acidic medium in an euxinic milieu. 
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The trace elements such as Cd, Sr, Cr, Ni, Cu, Zn and Pb have 
been determined quantitatively in the phosphorites and the country rock 
during present investigation. The concentration trends of trace elements 
reveal that the phosphorites are more enriched in Sr, Cr, Ni and Cu than in 
Cd, Zn and Pb. 
Strontium and lead are the elements that are susceptible to 
adsorption by phosphate minerals and the elements that are possibly 
adsorbed by organic matter including Ni, Cu, Cr, Zn and Cd. 
The pattern of trace element distribution in the phosphorites and 
the geochemical behaviour of individual element suggest that most of the 
trace elements that found their way into the ancient sediments, appear to 
have invaded the lattices of the phosphates, carbonates, silicates and clay 
minerals and combined with them structurally. 
Variable concentration of trace elements in the phosphates have 
been influenced by various physico-chemical processes involved during 
weathering and leaching of the pre-existing rocks and subsequently many 
of them were assimilated to the sediments. The principal absorbents like 
the phosphate minerals, some organic matter in addition to clay, iron and 
silicate minerals mainly influenced the adsorption of some trace elements. 
Plotted diagrams of significant trace elements indicate that 
presence of these elements may be due to their inter elemental affinities. 
However, adsorption on the surface of the apatite, substitution in the 
apatite lattice and biogenic activities are supposed to be chiefly responsible 
for the distribution, abundance and fixation of significant trace elements. 
The higher concentration of certain trace elements in the phosphate rich 
ores is mainly due to certain favourable physico-chemical conditions such 
as low Eh-pH. moderate salinity, slightly anaerobic to highly anaerobic 
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shallow water reducing environmental conditions etc at the time of their 
deposition. 
From the study of forms, lithological, chemical and mineralogical 
assemblages it is inferred that these phosphatic sediments are original 
precipitates of water and were not formed by replacement. The physico-
chemical characters of the medium such as change in Eh-pH and supply of 
the material controlled this chemical precipitation phenomenon. 
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Table 1: Chemical composition of the Lower band of limestones in parts of Aru valle\. 
Pahalgam District Anantnag, J&K. 
Major element Composition (in Wt %) : 
1 2 3 4 5 6 7 
NazO 
MgO 
AI2O3 
SiOj 
P2O5 
SO3 
K2O 
CaO 
0.486 
3.830 
0.0% 
186 
3.921 
0.503 
3.810 
10.008 9.931 
0.597 
3.719 
9.848 
0.612 
3.568 
7.336 
0.702 
3.118 
4.006 
0.695 
3.269 
4.123 
0.099 
1.070 
3.791 
0.096 
.046 
3.894 
0.096 
0.941 
3.295 
0.098 
0.513 
10 
0.096 
0.696 
1.113 
0.713 
3.028 
3.974 
38.102 37.256 35.158 28.153 16.315 18.415 14.346 
0.096 
0.451 
.007 
27.849 30.173 33.355 46.357 67.215 63.818 69.836 
TiOz 1.645 1.568 1.384 1.074 0.630 0.750 0.539 
MnO 0.104 0.118 0.130 0.168 0.213 0.205 0.222 
FejOj 12.773 11.681 10.773 8.400 5.991 6.762 5.685 
SiO - _ _ _ 0.098 0.094 0.10? 
Trace Element Composition (in ppm): 
Cd 19 16 18 12 15 9 11 
Sr 807 951 871 890 823 906 934 
Cr 182 199 175 187 202 163 159 
Ni 171 157 161 139 180 147 191 
Cu 135 162 139 152 122 145 135 
Zn 86 68 74 41 81 56 56 
Pb 53 49 66 60 77 51 101 
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iaoie z: •«_ncmicai comDosmon oi tne uooer band or iimesiones in pans or Aru 
valley, Pahalgam, District Anantnag, J&K. 
Major element composition (In Wt %) : 
8 9 10 11 12 13 14 
Na20 0.610 0.579 0.429 0.402 0.387 0.347 0.319 
MgO 3.125 3.113 3.107 3.102 3.001 3.014 3.024 
AI2O3 3.841 3.986 4.454 4.498 4.515 4.642 4.971 
Si02 35.268 35.983 36.715 37.531 38.276 39.213 40.545 
P2O5 8.146 8.274 8.393 8.702 8.634 8.946 9.011 
SO3 0.357 0.328 0.318 0.310 0.302 0.298 0.283 
K2O 1.002 1.002 1.002 1.010 1.013 1.099 1.136 
CaO 42.368 40.857 38.946 37.721 37.005 35.316 33.386 
Ti02 0.584 0.601 0.631 0.638 0.646 0.686 0.699 
MnO 0.203 0.248 0.294 0.321 0.369 0.402 0.412 
Fe203 4.400 4.932 5.612 5.663 5.750 
SrO 0.096 0.097 0.099 0.102 0.102 
Trace element composition (in ppm): 
5.931 6.104 
0.106 0.110 
Cd 6 20 14 24 19 21 10 
Sr 1011 779 917 287 579 804 791 
Cr 71 184 161 281 201 19! 255 
Ni 357 201 286 141 246 153 48 
Cu 15 141 67 187 101 78 122 
Zn 107 51 82 22 63 66 73 
Pb 32 91 44 118 78 61 58 
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Table-3: CaO /MgO and Na20/K20 ratios in lithological units in parts of Aru 
Valley. Pahalgam, Distt. Anantnag, J&K. 
Sample No: CaO/MgO Na20/K20. 
1. 7.271 0.123 
2. 7.919 0.132 
3. 8.968 0.153 
4. 12.992 0.185 
5. 21.557 0.632 
6. 19.522 0.624 
7. 23.063 0.708 
8. 13.557 0.608 
9. 13.124 0.577 
10. 12.534 0.428 
11. 12.160 0.398 
12. 12.330 0.382 
13. 11.717 0.315 
14. 11.040 0.280. 
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Table-4: CaO/MgO and FezOa/AhOs ratios in lithological units in parts of Aru 
Valley, Pahalgam, Distt. Anantnag, J&K. 
Sample No: CaO/MgO Fe203/Al203. 
1. 7.721 1.276 
2. 7.919 1.176 
3. 8.968 1.093 
4. 12.992 1.145 
5. 21.557 1.495 
6. 19.552 1.631 
7. 23.063 1.430 
8. 13.557 1.145 
9. 13.124 1.237 
10. 12.534 1.259 
11. 12.160 1.259 
12. 12.330 1.273 
13. 11.717 1.277 
14. 11.040 1.227 
rv' • VC. '"Vw ! ^ 
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Table-5: CaO+MgO and Na20+K20 ratios in lithological units in parts of 
Am Valley, Pahalgam, Distt. Anantnag, J&K. 
Sample No: CaO+MgO Na20flC20 
1 31.679 4.407 
2 33.983 4.264 
3 37.074 4.491 
4 49.925 3.907 
5 70.333 1.812 
6 67.087 1.808 
7 72.864 1.720 
8 45.493 1.612 
9 43.970 1.581 
10 42.053 1.431 
11 40.823 1.412 
12 40.006 1.400 
13 38.330 1.446 
14 36.410 1.455 
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Table 6: CaO+MgO and Fe203+Ti02 ratios in lithological units in parts of Aru 
Valley, Pahalgam, Distt. Anantnag J&K. 
Sample No: 
2 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
31.679 
33.983 
37.074 
49.925 
70.333 
67.087 
72.864 
45.493 
43.970 
42.053 
40.823 
40.006 
38.330 
36.410 
!203+Ti02 
14.418 
13.249 
12.157 
9.474 
6.621 
7.476 
6.275 
4.984 
5.533 
6.243 
6.301 
6.396 
6.617 
6.803 
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Table 7: Recalculated Values of AI2O3.K2O and Si02. 
Sample No AI2O3 K2O Si02 
1 19.694 7.494 72.812 
2. 19.483 7.437 73.080 
3. 20.179 7.959 71.862 
4. 18.922 8.500 72.578 
5. 18.691 5.184 76.125 
6. 17.437 4.705 77.858 
7. 20.563 5.211 74.226 
8. 9.579 2.498 87.923 
9. 9.754 2.447 87.799 
10. 10.572 2.376 87.052 
11. 10.449 2.367 87.184 
12. 10.304 2.351 87.345 
13. 10.323 2.468 87.209 
14. 10.852 2.260 86.888 
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Table 8: Recalculated Values of AI2O3+ FejOs, SiOi and CaO+MgO. 
Sample No: AI2O3+Fe203 SiOi CaO+MgO 
1. 24.603 41.184 34.213 
2. 23.348 40.087 36.565 
3. 22.188 37.830 39.982 
4. 16.848 29.982 53.170 
5. 10.337 16.939 72.724 
6. 11.335 19.096 69.569 
7. 9.968 14.837 75.195 
8. 9.321 39.605 51.088 
9. 10.054 40.480 49.466 
10 11.387 41.304 47.309 
11. 11.539 42.372 46.089 
12. 11.621 43.213 45.166 
13. 12.067 44.467 43.466 
14. 12.570 46.105 41.325 
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Table 9: Recalculated values of CaO, NazO and K2O. 
Sample No: CaO NaiO K2O 
1. 86.331 1.514 12.155 
2. 87.531 1.459 10.997 
3. 88.123 1.577 10.287 
4. 92.204 1.243 6.553 
5. 97.327 1.066 1.607 
6. 97.194 1.111 1.695 
7. 97.560 1.034 1.406 
8. 96.302 1.421 2.277 
9. 96.259 1.381 2.360 
10. 96.430 1.090 2.480 
11. 96.377 1.043 2.580 
12. 96.324 1.040 2.636 
13. 96.059 0.952 2.989 
14. 95.817 0.923 3.260 
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Table 10: Recalculated Values of MgO, CaO and AI2O3 
Sample No: MgO CaO AI2O3 
!. 9.220 66.781 23.999 
2. 8.685 68.703 22.612 
3. 7.925 71.079 20.996 
4. 6.253 80.939 12.808 
5. 4.194 90.404 5.402 
6. 4.590 89.622 5.788 
7. 3.939 90.856 5.205 
8. 6.444 85.837 7.719 
9. 6.504 85.186 8.310 
10. 6.691 83.733 9.576 
11. 6.866 83.212 9.922 
12. 6.747 83.113 10.140 
13. 7.019 82.180 10.801 
14. 7.331 80.660 12.009 
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Table 11: Recalculated Values of MgO, CaO and Fe203. 
Sample No: MgO CaO FezOs 
1. 8.642 62.632 28.726 
2. 8.383 66.048 25.569 
3. 7.818 69.678 22.504 
4. 6.148 79.455 14.397 
5. 4.101 88.051 7.848 
6. 4.484 86.409 9.107 
7. 3.862 88.901 7.237 
8. 6.278 84.905 8.817 
9. 6.450 83.511 10.081 
10. 6.563 81.669 11.768 
11. 6.682 81.137 12.181 
12. 6.582 80.855 12.563 
13. 6.824 79.778 13.398 
14. 7.121 78.523 14.356 
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Table 12: Recalculated Values of CaO, FezOj and AI2O3. 
Sample No. CaO Fe203 AI2O3 
1. 55.001 25.226 19.3773 
2. 58.268 22.556 19.176 
3. 61.773 19.951 18.276 
4. 74.630 13.524 11.846 
5. 87.043 7.758 5.199 
6. 85.452 9.006 5.542 
7. 87.783 7.222 4.995 
8. 83.676 8.690 7.634 
9. 82.081 9.908 8.011 
10. 79.449 11.448 9.103 
11. 78.761 11.864 9.375 
12. 78.265 12.161 9.574 
13. 76.953 12.923 10.124 
14. 75.085 13.736 11.179 
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Table No 13: Recalculated values of Na20+K20, CaO and Fe203. 
Sample No. Na20+K20 CaO Fe203 
1. 9.820 61.824 28.356 
2. 9.345 65.354 25.301 
3. 9.274 68.577 22.149 
4. 6.657 78.992 14.351 
5. 2.417 89.597 7.986 
6. 2.509 88.196 9.295 
7. 2.225 90.367 7.408 
8. 3.330 87.532 9.138 
9. 3.340 86.249 10.411 
10. 3.132 84.668 12.200 
11. 3.151 84.193 12.656 
12. 3.169 83.779 13.052 
13. 3.40 82.710 13.890 
14. 3.567 81.528 14.905 
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Table 14: Recalculated values of PiOs. CaO+MgO and SiOi. 
Sample No: P2O5 CaO+MgO SiOi 
1. 0.174 45.036 54.790 
2. 0.195 47.610 52.195 
3. 0.176 51.236 48.588 
4. 0.139 63.854 36.007 
5. 0.183 81.023 18.794 
6. 0.135 78.357 21.508 
7. 0.145 83.429 16.426 
8. 9.225 51.134 39.641 
9. 9.414 49.818 40.768 
10. 9.654 48.234 42.112 
11. 9.989 46.864 43.147 
12. 9.977 46.006 44.017 
13. 10.341 44.328 45.331 
14. 10.479 42.368 47.153 
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Table 15: Recalculated values of MgO, FejOs and Na20+ K2O. 
Sample No: MgO Fe203 NazO+KzO 
1. 18.241 60.786 20.973 
2. 19.255 59.035 21.709 
3. 19.643 56.636 23.721 
4. 22.499 52.864 24.637 
5. 28.760 54.864 24.637 
6. 27.701 56.982 15.317 
7. 29.031 54.485 16.484 
8. 34.356 48.003 17.641 
9. 32.337 51.233 16.430 
10. 30.613 55.289 14.098 
11. 30.482 55.644 13.644 
12. 29.562 56.643 13.795 
13. 29.256 51.512 13.172 
14. 28.573 57.676 13.751 
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PLATE 1 
Figure 1: Field photograph showing the exposure along the road to 
Am from Pahalgam. 
Figure 2: Field photograph showing a closure view of the exposure 
along the road to Am from Pahalgam. 
PLATE 1 
FIGURE 1 
FIGURE 2 
PLATE 2 
Figure 3: Photomicrograph showing collophane ovulites and calcite 
veins. (Crossed Nicols) 
Figure 4: Photomicrograph showing collophane in the form of 
microaphanite. (Plane Pol. Light) 
PLATE 2 
FIGURE 3 
FIGURE 4 
PLATE 3 
Figure 5: Photomicrograph showing interstitial collophane and fine 
grained micritic calcite. (Plane Pol. Light) 
Figure 6: Photomicrograph showing massive collophane and 
replacement of phosphate by carbonate. 
(Crossed Nicols) 
PLATE 3 
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FIGURE 5 
FIGURE 6 
PLATE 4 
Figure 7: Photomicrograph showing phosphatic pellets and quartz 
grains. Mutual replacement of phosphate, carbonate and 
silica is evident. (Crossed Nicols) 
Figure 8: Photomicrograph showing coUophane nodules and 
rhombohedral calcite crystals (Crossed Nicols) 
PLATE 4 
FIGURE 7 
FIGURE 8 
PLATE 5 
Figure 9: Photomicrograph showing dolomite grain. 
(Crossed Nicols) 
Figure 10: Photomicrograph showing pyrite mineral. 
(Crossed Nicols) 
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FIGURE 10 
PLATE 6 
Figure 11: Photomicrograph showing pyrite mineral. 
(Plane Pol. Light) 
Figure 12: Photomicrograph showing limonite. 
(Plane Pol. Light) 
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FIGURE 12 
